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. Mass-specific metabolic rate (mL O 2 g 01 h 01 ) at 32ЊC elevations are adaptive because a high rate counters the shortvs. elevation (m) for several grasshopper species and populations. ened growing season and cooler ambient temperatures by acFilled triangles are from (Chappell 1982) , filled squares are from celerating development and the turnover of energy into off- Massion (1983) , open circles are from Farlow and MacMahon spring (Chappell 1982; Massion 1983) . (1988) , filled circles are from Quinlan and Hadley (1993) , and the
This study investigates the relationship between thermoreg-
open square is from Harrison and Fewell (1995) .
ulation and mass-specific metabolic rate along an elevation gradient in six populations of the acridid grasshopper Xanthiptats, high T b may be difficult and costly to maintain, whereas pus corallipes. The results suggest that population differences the opposite is true for low-elevation populations. If abiotic in mass-specific metabolic rate are primarily caused by differfactors influence or constrain thermoregulatory ability, selec-ences in mass. The results also indicate that population differtion should favor maintenance of T b close to the range of ences in thermoregulation may act to conserve field massenvironmental temperatures experienced in the wild, and many specific metabolic rate across populations, independent of mass traits (e.g., locomotion, digestion, growth) should be adapted and environmental conditions. to function optimally at these temperatures. This hypothesis is supported by studies in organisms such as fish and butterflies, in which enzyme efficiency is shown to be maximized within Material and Methods the range of T b observed in the wild, and enzyme thermal kinetics show evidence of local adaptation (Hochachka and Xanthippus corallipes is an acridid grasshopper, widely distributed across the western United States, northern Mexico, and Somero 1973; Kingsolver and Watt 1983; Watt 1983; Powers at al. 1991) .
southwestern Canada. Its habitat ranges from low-elevation, hot grasslands to cool, montane meadows up to 3,700 m (Otte Mass-specific metabolic rate (measured as O 2 consumption in mL O 2 g 01 h
01
) has been shown to correlate positively with 1981). Populations are commonly found in open, grassy meadows where bare soil is exposed. X. corallipes usually overwinter elevation among populations of several species of grasshopper (Fig. 1; Chappell 1982; Massion 1983; Farlow and MacMahon as third-instar nymphs that mature in late spring, although cases of 2-yr life spans have been reported in high-elevation, 1988; Quinlan and Hadley 1993; Harrison and Fewell 1995) . O 2 consumption represents the total energetic use of all aerobic alpine Colorado populations (Otte 1981) . Grasses make up over 90% of its diet (Ueckert and Hansen 1971; Joern 1979) . processes of an organism, involving multiple pathways and possible trade-offs between conflicting energetic demands. The species is morphologically plastic, with smaller, darker individuals occurring at high elevations. In fact, X. corallipes is Brown et al. (1993) suggest an energetic definition of fitness based on the ability to convert energy into reproductive work, so morphologically plastic it was once classified as 18 different species (Otte 1981) . with mass-specific metabolic rate representing the efficiency at which this conversion is achieved. It has been argued for Adults were sampled from six populations during the summer of 1995. Two high-elevation sites were located in montane grasshoppers that high mass-specific metabolic rates at high corallipes do not use their wings during normal thermoregulam), and near Fourth of July Canyon in the Manzano Mountains, New Mexico (2,430 m). Adults were active at both mid-tion (e.g., wing spreading); therefore, the wings of the study animals were glued shut, and a large pink dot was painted on elevation sites from early May through mid-July. Two lowelevation sites were located in desert grasslands at Nunn Flats the pronotum to facilitate location and recapture. During the study, the subjects were observed to behaviorally thermoreguon the Sevilleta National Wildlife Refuge, New Mexico (1,600 m), and within 1 mile of the United States Department of late, feed, and court, and they exhibited no immediate side effects from the treatment. After measuring T b , the animals Agriculture Agricultural Field Station on the Jornada del Muerto, New Mexico (1,500 m). Adults were active at these were taken into the lab and observed for 2 wk. Their behavior and mortality rates did not differ from individuals that had sites from late May through late August.
not been subjected to repeated T b measurements, indicating no long-term effects of the treatment. Reference temperatures Thermoregulation in the Field were measured as previously described, but only for the transplanted population (i.e., Sevilleta reference temperatures at To quantify population differences in T b , individuals were observed and captured, and T b was measured by insertion of a South Baldy, and South Baldy reference temperatures at Sevilleta). 26-gauge hypodermic thermocouple midway into the thorax within 5 s of capture (Chappell 1982; Toolson and Toolson 1991) . Time of day, behavior before capture, and T b were Physiological Measurements recorded. X. corallipes thermoregulates within a temperature gradient close to the ground; therefore, substrate temperature A separate set of individuals from each population was brought into the lab for assessment of mass-specific metabolic rate. To and air temperature 2 cm above the substrate were also measured. If the grasshopper had climbed up into the grass, site minimize acclimation to lab conditions, measurements were made within 24 h of capture. Individuals were temporarily temperature was recorded as air temperature. Solar radiation flux (Licor LI200S Pyranometer), wind speed at 1 m (Met-housed at 28ЊC and kept without food for 6 -8 h. They were then weighed to the nearest 0.001 g, and O 2 consumption at One Model 014A Wind Speed Sensor), and relative humidity and ambient air temperature at 1 m (Campbell Model XN217 35Њ and 45ЊC was measured using a closed system composed of an Ametex S-A3/II Oxygen Analyzer, a water bath, and 60-Temperature and Relative Humidity Probe) were recorded every 120 s with a Campbell CR10 data-acquisition system mL syringes (described in Chappell [1982] ). Each individual was placed in a 60-mL syringe fitted with a two-way stopcock. (Campbell Scientific, Inc., Logan, Utah).
To test the null hypothesis that X. corallipes does not actively Syringes were then submersed in a water bath that controlled temperature within 0.2ЊC. O 2 consumption was measured twice thermoregulate and that observed T b 's are passively determined by environmental conditions, reference temperatures similar to per each individual, once at 35ЊC and again at 45ЊC. At each temperature, grasshoppers were allowed to equilibrate for 20 Bakken's (1992) standard operative temperature were obtained. Six females and six males were captured, killed by cyanide min, then the syringes were flushed with room air and returned to the water bath. After 30 min, a 10-mL sample of air from vapor, and implanted in midthorax with 0.1-mm copper-constantan thermocouples (Toolson and Toolson 1991) . Three of each syringe was injected into the O 2 analyzer, after first passing through ascarite to remove CO 2 and drierite to remove water each sex were placed in the full sun, and three of each sex were placed in the shade. Thermocouples were connected to the vapor. Change in percent O 2 was recorded on a strip-chart attached to the O 2 analyzer, which had been calibrated with CR10, and reference temperatures were recorded every 120 s. Comparison of T b from living grasshoppers with reference air samples of known O 2 concentration. Mass-specific metabolic rates (mL O 2 g 01 h
) at 35Њ and 45ЊC were then calcutemperatures provides an estimate of how effectively individuals regulate T b (Chappell 1982; Chappell and Whitman 1990; lated. Q 10 (the ratio of metabolic rate at 35ЊC to metabolic rate at 45ЊC) was calculated and used as a measure of sensitivity Toolson and Toolson 1991; Hertz et al. 1993) . Sun reference temperatures from Jemez and Manzano are not presented, as to temperature change. All metabolic measurements were performed between 8:00 P.M. and 6:00 A.M., when the grasshoppers data from two of three days were lost because of problems with the data-acquisition system, and the remaining data were were naturally quiescent.
Repeatability in the measurement of metabolic rate was verilow compared to observations from the other two days.
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10-10-97 14:21:21 pza UC: PHYS ZOO Note. Days, number of days data were collected; (N), total number of observations from 9:00 A.M. through 4:00 P.M. Ambient temperature and wind speed were measured at 1 m. JOR, Jornada (low); SEV, Sevilleta (low); JEM, Jemez (mid); MAN, Manzano (mid); SBL, South Baldy (high).
fied by sampling a subset of individuals (N Å 6) three times relative humidity was not influenced by elevation (r 2 Å 0.04, over three consecutive days. Correlation analysis produced a P Å 0.745, N Å 5), nor was average solar radiation (r 2 Å 0.12, Pearson's product-moment correlation for whole-organism P Å 0.560, N Å 5) or average wind speed (r 2 Å 0.01, P Å 0.870, oxygen consumption rate ( served crouching close to the ground, indicating thermoregulaUnless otherwise stated, results are expressed as means tion to raise T b via conductive heat gain from the substrate. { SEM. All analyses were performed using SAS (SAS Institute Around 11:00 A.M., T b began to stabilize, while sun and shade 1985). Comparisons between populations were made by Stu-reference temperatures continued to climb. From 11:00 A.M. dent's t-test, ANOVA, and Scheffé's multiple means test, at a through 4:00 P.M., grasshoppers maintained a relatively consignificance level of P Å 0.05. Regression analyses were used stant T b , although they could have been much warmer (sun to test the effect of elevation and abiotic parameters on T b and reference temperature) or cooler (shade reference temperametabolism. ture). This plateau in T b exhibited little dependence on ambient conditions. Although not presented here, this pattern of a plateau temperature after 11:00 A.M. was observed in the other Results four populations. During this time, individuals were observed stilting (exData in all tables are arranged from the lowest elevation poputending their legs to raise their body off the ground) and, in lation (Jornada del Muerto) to the highest (Mount Taylor).
the case of the Jornada and Sevilleta sites, moving off the hot soil into the grass. Stilting is a thermoregulatory behavior that Thermoregulation in the Field reduces T b by increasing convective heat loss with the air and decreasing conductive heat gain from the substrate (Uvarov Population means and standard errors for abiotic parameters 1966; Chappell and Whitman 1990) . T b at which stilting was are listed in Table 1 , with the exception of Mount Taylor.
first observed varied among the populations. Stilting was obBecause snowpack persisted on the road into early summer, it served at T b 's over 43ЊC at Jornada, 44.5ЊC at Sevilleta, 40.3ЊC was not possible to get the CR10 Data Logger to this site during at Jemez, 39.1ЊC at Manzano, and 41.8ЊC at South Baldy. Stiltthe time the adults were active. Although abiotic parameters ing was not observed at Mount Taylor. Average stilting temperwere not recorded at Mount Taylor, reference temperatures atures tended to decrease with elevation, but this relationship were obtained by connecting the thermocouples of the referwas not significant (P ú 0.450, N Å 5). ence grasshoppers to a digital thermocouple reader and collect- Table 2 lists average soil, air, and plateau temperatures for ing the data manually.
the six populations. Within populations, there were no signifiTo avoid potential problems with pseudoreplication from cant differences between male and female plateau temperatures sampling over several days, population averages were analyzed.
(ANOVA, P ú 0.05 in all cases); therefore, the data within Average ambient temperature was marginally, negatively dependent on elevation (r 2 Å 0.73, P Å 0.065, N Å 5). Average populations were pooled. In general, plateau temperatures fol-9G10$$no10 10-10-97 14:21:21 pza UC: PHYS ZOO Baldy individuals maintained an overall, average plateau temperature of 39.7ЊC ({ 0.7ЊC, N Å 6), similar to what they exhibited lowed an elevation gradient, with high-elevation populations in their home habitat but significantly cooler than plateau temperexhibiting lower plateau temperatures. Average T b was nega-atures maintained concurrently by Sevilleta individuals (44Њ tively dependent on elevation (r 2 Å 0.72, P Å 0.033, N Å 6). { 1.0ЊC, N Å 6, Student's t-test, P õ 0.001). Grasshoppers from Soil and air temperatures, which reflect the thermal gradient South Baldy moved into the shade and grass immediately, while experienced by the grasshoppers, exhibited a negative relationship local grasshoppers remained on the soil. Reference sun and shade with elevation (Table 2) . Results of regression analyses indicate temperatures were also obtained using South Baldy grasshoppers. that the relationship was significant for average air temperature Sun reference temperatures averaged 51.9ЊC ({ 3.5ЊC, N Å 10) (r 2 Å 0.796, P Å 0.017, N Å 6) but not for average soil tempera-and shade reference temperatures averaged 42.7ЊC ({ 4.1ЊC, N ture (r 2 Å 0.59, P Å 0.073, N Å 6). Comparison of plateau Å 9), indicating the transplanted grasshoppers actively maintained temperature with thermal conditions within the gradient reveals relatively cool T b 's. that plateau temperatures were several degrees cooler than soil At the South Baldy field site, Sevilleta individuals maintained temperatures for the Jornada, Sevilleta, and South Baldy popula-an average plateau temperature of 41.5ЊC ({ 1.0ЊC, N Å 6), tions, but that this relationship was reversed for Mount Taylor. significantly warmer than South Baldy individuals (38.0Њ Jemez and Manzano populations maintained plateau tempera-{ 1.1ЊC, N Å 6, Student's t-test, P õ 0.001) but cooler than tures within 1ЊC of soil temperature. Plateau temperatures were that observed at their home site. Sevilleta grasshoppers stayed warmer than air temperatures for all populations.
crouched on the soil late into the afternoon and were not Table 2 also includes information on sun and shade refer-observed stilting, unlike the South Baldy individuals. Reference ence temperatures for the six populations (11:00 A.M. -4:00 sun and shade temperatures from Sevilleta grasshoppers at the P.M.). Within populations, male and female sun and shade South Baldy site (49.1Њ { 2.8ЊC, N Å 8; and 22.2Њ { 1.2ЊC, N reference temperatures were not significantly different Å 7, respectively) were cooler than those observed at their (ANOVA, P ú 0.20 in all cases) and were pooled before averag-home site, indicating they may have experienced difficulties in ing. Grasshoppers at Jornada and Sevilleta thermoregulated achieving their normal plateau T b . close to shade reference temperature, while grasshoppers at Physiological Measurements Jemez, Manzano, and, to a certain extent, Mount Taylor, thermoregulated higher than shade reference temperature. South Population differences in metabolic measurements are summarized in Table 3 . Mass decreased along the elevation gradient Baldy grasshoppers thermoregulated between sun and shade
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Note. Total number of observations given in parentheses. Days, number of days the data were collected. Soil temperature is the temperature of the substrate where the grasshopper was found, and air temperature is the temperature of the air 2 cm above the site. All measurements are from 11:00 A.M. to 4:00 P.M. Population abbreviations as in Table 1 ; MTY, Mount Taylor (high).
for both males and females (r 2 ú 0.52, P Å 0.0001 in both ever, their mass-specific metabolic rates were expected to be higher, following the well-documented pattern of increasing cases). Mass-specific metabolic rates at both 35Њ and 45ЊC increased with elevation. For both males and females, metabolic mass-specific metabolic rate with decreasing mass (Kleiber 1961; Withers 1992) . Using regression models, the allometric rates at both temperatures were significantly and positively dependent on elevation (r 2 ú 0.10, P Å 0.005 in all cases). equations for mass-specific metabolic rates in Xanthippus corallipes across populations (N Å 155) were found to be: Because high-elevation adults were significantly smaller, how- The difference in the thermal gradients between Mount Tay-Å 0.53; Fig. 3) ; and log (metabolic rate at 45ЊC) Å 0.356 0 0.45 lor and South Baldy can best be explained by differences in log (mass) (r 2 Å 0.70; Fig. 3 ). Because of the strong dependence ground cover. South Baldy is heavily grazed by cattle, and as of metabolic rate on mass and significant differences among a result the grasses are short and bunched, with a large amount populations in mass, an ANCOVA was performed using mass of bare soil exposed to solar radiation and wind. Mount Taylor, as the covariate to test for the effect of elevation independent in contrast, is not grazed by cattle, and even though there is of mass. The effects of elevation on metabolic rates at 35Њ and a large elk population on the mountain, the grasses are taller, 45ЊC in females and metabolic rate at 35ЊC in males were no with smaller patches of exposed bare soil. longer significant (ANCOVA, P ú 0.10 in all cases). Male Several lines of evidence suggest that X. corallipes actively metabolic rates at 45ЊC were still significantly influenced by maintained plateau temperatures in the wild. First, comparielevation (P Å 0.008).
sons of plateau and reference temperatures indicate that pla-Q 10 did not differ significantly among females across popula-teau temperatures resulted from active thermoregulation and tions, while Q 10 for Manzano males was significantly higher not from passive, biophysical properties. During the early than Jornada and Mount Taylor males (Table 3) . Q 10 was not morning, adults increased T b by crouching on the soil. Stilting significantly correlated with elevation (P ú 0.50 for both sexes). was initiated at T b 's just below plateau temperatures, such that T b 's reached plateau temperatures quickly but did not overshoot them. Once plateau temperatures were achieved, T b Discussion remained relatively constant for the rest of the day, while reference temperatures (representing passive heating) continued to Thermoregulation in the Field rise (Fig. 2) . For most of the late morning and afternoon hours, plateau temperatures were independent of reference temperaThe study populations of Xanthippus corallipes thermoregutures, reflecting the active thermoregulation of T b . lated within a limited portion of the habitat extending from the soil surface to roughly 2 -10 cm above the soil. The magniSecond, populations differed in their response to the thermal environment. A uniform relationship between plateau and soil tude of the thermal gradient between soil and air temperature varied across populations ( Table 2 ). The greatest magnitudes temperatures (e.g., plateau temperatures always a few degrees warmer or cooler than soil temperatures) would suggest that were observed at low elevations, 12.8ЊC for Jornada and 10.4ЊC
10-10-97 14:21:21 pza UC: PHYS ZOO T b is determined by local thermal conditions. This was not (Fig. 1) . Life-history theory has been invoked to suggest that observed. Instead, low-elevation adults maintained plateau these high metabolic rates are an adaptation to accelerate temperatures cooler than soil temperatures, mid-elevation growth during the shortened growing season (Chappell 1982 ; adults maintained plateau temperatures very close to soil tem-Massion 1983). As predicted, metabolic rates at 35Њ and 45ЊC peratures, and high-elevation adults at Mount Taylor main-increased with elevation (Table 3 ). Population differences in tained plateau temperatures warmer than soil temperatures mass-specific metabolic rates, however, were strongly influ-( Table 2 ). The exception to this elevation trend was South enced by differences in mass (Fig. 3) . Mass explained 53% Baldy, where plateau temperatures were lower than soil tem-and 70% of the variation in metabolic rate at 35Њ and 45ЊC, peratures. Again, this was most likely due to high soil tempera-respectively, and ANCOVA indicated no consistent elevation tures caused by the lack of ground cover. effect independent of mass. Population differences in mass The relationship between plateau and reference tempera-result from variation in the length of developmental time availtures also was not uniform across populations (Table 2) . Jor-able to instars before adult eclosure. At high elevations, this nada and Sevilleta grasshoppers maintained plateau tempera-results in smaller adults and, in the absence of conflicting tures close to their shade reference values, while Mount Taylor selection on metabolism, mass-specific metabolic rates will necgrasshoppers exhibited plateau temperatures close to sun refer-essarily be higher as an allometric consequence (Fig. 3) . Thus, ence temperatures. South Baldy grasshoppers exhibited plateau life-history constraints on mass apparently drive the correlation temperatures midway between sun and shade reference tem-of mass-specific metabolic rate and elevation. peratures, presumably because of South Baldy's wide thermal It is interesting that there was little variation in Q 10 across gradient (Table 2) . These results again illustrate that across populations (Table 3 ). In spite of large differences in daily and populations, plateau temperatures were not solely a function annual temperature fluctuations, the study populations showed of local conditions but required active maintenance.
no evidence of local adaptation in the sensitivity of metabolism Finally, the results of the reciprocal transplant study provide to temperature changes between 35Њ and 45ЊC. If mass-specific concrete evidence of the active maintenance of plateau temper-metabolic rates were under strong local selection, Q 10 might atures. Even when exposed to very different habitats and ther-also vary as an adaptation to habitat differences in temperature mal conditions, adults maintained plateau temperatures near fluctuations (Chappell 1982) . The observation that Q 10 was their observed home values. Behavioral differences in thermo-similar across populations -although thermal conditions difregulation between the two populations at each site, such as fered greatly -contradicts local adaptation in the sensitivity of crouching and stilting, provided further evidence of active reg-mass-specific metabolic rate to temperature change and supulation. Taken together, these results support the conclusion ports the conclusion that the effect of elevation on mass was that plateau temperatures were regulated by internal factors the principal factor in determining population differences in and not entirely determined by external conditions. mass-specific metabolic rates. The observed plateau temperatures may or may not correFor any given temperature in the lab, high-elevation adult spond to an optimal temperature that maximizes a fitness pa-X. corallipes had higher mass-specific metabolic rates than lowrameter such as development or reproduction; such optima elevation adults (Table 3) . However, in the field, populations are usually determined under lab conditions (Hertz et al. 1993) . maintained significantly different plateau temperatures, which The results of this study, however, indicate deliberate regulawill influence metabolic rates experienced in the wild. In order tion of plateau temperature; the biological relevance of this to compare metabolic rates under field conditions, masswarrants further examination. specific metabolic rates at plateau temperatures were estimated Across populations, average plateau temperatures were negafor each individual, using the equation for Q 10 and assuming tively dependent on elevation (r 2 Å 0.72, P Å 0.033, N Å 6) a linear increase in mass-specific metabolic rate between 35Њ and positively dependent on mean ambient temperature (r 2 and 45ЊC. Å 0.94, P Å 0.006, N Å 5). The most parsimonious explanation It is surprising that, within sexes, metabolic rates at plateau for these relationships is either selection for habitat-dependent temperatures did not differ significantly among populations thermoregulation, resulting in adaptation, or acclimation to (Scheffé's multiple means test, P ú 0.05 in all cases; Fig. 4 ). local thermal conditions. The results from this study cannot For both males and females, metabolic rates at plateau temperdistinguish between these two possibilities, and the reciprocal atures were not correlated with elevation (P ú 0.34 in both transplant study did not allow enough time for a possible cases). Contrary to predictions based on reports for other grassacclimation response to occur. More detailed studies are hopper species (Chappell 1982; Massion 1983 ; Quinlan and needed to distinguish between genetic and environmental conHadley 1993), wild populations of X. corallipes at high elevatributions to the determination of plateau temperatures.
tions did not experience higher metabolic rates than their lowMetabolic Consequences of Thermoregulation elevation counterparts (Fig. 4) . Because of the threefold difference in mass between the Grasshoppers at high elevations usually exhibited higher mass-specific metabolic rates than low-elevation populations sexes (Table 3) Table 3. of T b to offset the effect of mass on mass-specific metabolic rate. For example, the small size of high-elevation adults dictates metabolic rates at plateau temperatures than females (ANOVA, a high mass-specific metabolic rate (Table 3 ; Fig. 3 ). These P õ 0.05 for all populations; Fig. 4 ). Sexual dimorphism in individuals would, therefore, need to maintain relatively low size is common to virtually all grasshopper species and reflects plateau temperatures in order to achieve the same mass-specific the need for females to produce and store large numbers of metabolic rates as the larger, low-elevation adults. However, eggs (Uvarov 1966) . Because of this difference in mass, the there are currently no known regulatory pathways between sexes would have to maintain different plateau temperatures metabolic rate and T b that could provide a mechanism of in order to achieve the same mass-specific metabolic rates. T b control, nor are there existing studies that support an adaptive affects many traits, such as predator avoidance, locomotion, function for such a conserved rate. digestion, and development (Uvarov 1966; Chappell and Whit-A more likely explanation for the conservation of massman 1990), which may preclude sexual differentiation of specific metabolic rate is that separate selective pressures are set-point T b within a population. In addition, behavioral and acting on T b and mass, which combine to produce similar life-history differences between males and females could be mass-specific metabolic rates across populations. Selection on important, such that courting behavior or competition for po-T b to match ambient thermal regimes would result in a negative tential mates by males may be enhanced at higher metabolic relationship between T b and elevation, as observed in this study rates (Willmer 1991; Dreisig 1995) .
( Table 2 ). This decrease in T b would act to decrease massThat populations of X. corallipes appear to maintain similar specific metabolic rate as elevation increased. A separate selecfield mass-specific metabolic rates, despite large differences in tive pressure operating on mass would favor smaller adult mass and thermal environments, came as a surprise. To deter-size at high elevations, causing an increase in mass-specific mine whether these results apply to other species, I analyzed metabolic rate as elevation increased (Table 3 ). The bisection studies on the grasshopper Trimerotropis pallidipennis that re-of these two selective forces would then result in similar massported data on preferred T b , mass-specific metabolic rate, and specific metabolic rates across populations as a nonadaptive elevation (Chappell 1982; Massion 1983; Farlow and MacMa-by-product. Thus, populations of X. corallipes would experihon 1988) . From these studies, mass-specific metabolic rate at ence the same field mass-specific metabolic rate by chance. 32ЊC was positively correlated with elevation (r Å 0.73, P A confounding factor in this study is that it deals with basal Å 0.06, N Å 7). However, this relationship was not significant mass-specific metabolic rate. In the field, however, grassfor calculated values of mass-specific metabolic rates at pre-hoppers are consuming and digesting food during the period ferred T b (r Å 0.08, P Å 0.96, N Å 7). While not conclusive they maintain plateau temperatures, which has a significant for all grasshopper species, this supports the finding that field impact on metabolic rate. Basal metabolic rate may or may mass-specific metabolic rates of wild populations are indepen-not be a good predictor of digestive metabolic rate, making interpretation of the results difficult. Future studies are needed dent of elevation.
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